Carotenoids, which impart yellow, orange, and/or red colors to many fruits, have antioxidant health properties. A series of experiments were undertaken to establish horticultural relationships to carotenoids in watermelon and mango in cooperation with U.S. commodity boards. Watermelon was assayed to determine effects of germplasm, storage temperature, and fresh cut on lycopene and beta carotene content. Seedless watermelons were generally highest in lycopene and storage at 21°C increased both lycopene and beta carotene contents. Fresh cut watermelon lost about 6% of carotenoids, probably through oxidation of cut surfaces. Mangos of the five major varieties imported over a 12 month period into the U.S. from Peru, Mexico, Brazil, and Ecuador were ripened at 20-25°C and assayed for beta carotene and vitamin C content. Beta carotene content (mg/kg fwt) averaged 5.0, 7.0, 10.4, 16.8, and 26
INTRODUCTION
Carotenoids comprise the colorful pigments of many fruits. Some of these, such as beta carotene, alpha carotene, and beta cryptoxanthin, are precursors of vitamin A. Vitamin A is needed for eyesight and nerve health. Lycopene, which imparts a red color in tomatoes, red grapefruit, guava, and watermelon, is not a vitamin A precursor but has received much scientific interest due to its strong antioxidant properties (Collins et at., 2006) .
A series of experiments were conducted from 1999 to 2006 on watermelon to determine the relative amounts of lycopene and beta carotene among types (seeded, seedless), cultivars, ripeness stages, and changes with storage of whole or fresh cut watermelons.
Mango fruit are a recent introduction to the U.S. marketplace. Unlike many U.S. commodities, there is little consumer knowledge about the nutrient content of the fruit. Five mango varieties make up the majority of available fruit in supermarkets and almost all mangos are imported to the U.S. from Mexico, South America, and the Caribbean Basin. A comparison of beta carotene and vitamin C, the major nutrients found in mango, was conducted over a year to determine relative amounts among varieties and fruit sources.
MATERIALS AND METHODS
Watermelon cultivars were grown in plots in Lane, Oklahoma or obtained from sources in the eastern U.S. Tissue samples were obtained from the center of the fruit from heart and ]ocular material. Lycopene content was determined using puree absorbance with a Hunter Xenon Flash Colorimeter, by extraction with hexane and spectrophotometric determination (Sadler et al., 1991) , and by high performance liquid chromatography (HPLC) extraction (Craft, 2001) . Details of these methods can be found in Perkins-Veazie et al. (2006a ,b, 2001 , 2004 and are similar to those reported below for mango. Lycopene content of the puree of individual melons was measured by scanning colorimetry at 560 and 700 nm (Davis et al., 2003) and by modified hexane extraction (2:2:1 cth anol:hexane:acetone) using a wavelength of 503 nni and extinction coefficient of 72,000. Lycopene spectra and content were verified using tomato lycopene (Sigma, St. Louis, MO) and synthetic trans-lycopene standards (LycoVit 10 cwd, BASF, Mt. Olive, Mangos of 'Kent', 'Haden', 'Tommy Atkins', 'Keitt', and 'Ataulfo' were obtained from Peru, Ecuador, Brazil, and Mexico. The same orchard was used in each country for multiple shipments. 'Ataulfo' and 'Keitt' were available only from Mexico. Fruit were lupped pre ripe to Lane, OK to avoid bruising during transit from Florida, California. and Texas. Twenty to 40 fruit per harvest and cultivar were weighed and maximum diameter \\S taken upon receipt, then mangos were placed at 20 to 25°C, 90% RH until ripe (judged as skin color change and softness). A slice of peel was removed and flesh firmness determined on opposite flat sides of the mango using a firmness tester equipped ith 0.5 cm fiat tip mounted on a drill press. Fruit with readings of 1.0 kg or less were considered ripe. Mangos were peeled and flesh pureed in a blender cup. The soluble solids content (SSC) was determined from the puree and pH of purees taken prior to freezing at -80°C. For total vitamin C determinations, small slices of flesh were frozen separately at -80°C and assays run within 2 weeks of preparation using the Hodges spectrophotometric procedure. HPLC determinations of beta carotene were done on subsets of 12 fruit per harvest and cultivar. Criteria for fruit for HPLC were pH of >3.5, SSC of>l2%, and freedom from bruising. These were selected to best minimize ripeness variation among a fruit set. For HPLC determinations, a subsample of 0.3 to 0.6 g puree was used for each mango, weighed into amber glass bottles and carotenoids extracted with spectrophotometric grade solvents in a ratio of 2:2:1 hexane, ethanol, acetone (10 n-11:10 ml:5 ml) (Pharmco, Brookfield, Conn.). Samples were tightly sealed and placed on orbital shaker (Lab Line, Melrose Park, IL) for 15 minutes at 200 rpm, then 3 ml of ddi water was added, samples were shaken again for 10 minutes, and samples left standing for 15 min to develop solvent phase separation. Samples were saponified by adding the hexane aver to 10% potassium hydroxide (in methanol), stirred for 3 h at ambient temperature, lien washed three times with distilled water. Duplicate saponified samples were filtered using 0.45 pm PTFE syringe filters (Daigger, Vernon Hills, Illinois) into 2 ml amber crimp-top vials (Daigger, Vernon Hills, Illinois), then loaded onto HPLC equipped with autosampler, photodiode array detector, and integration software (Hewlett Packard 1100, Wilmington, DE). A C 30 YMC carotenoid column (4.6 x 250 mm) and YMC carotenoid guard column S-3 (4.0 x 20 mm) (Waters, Milford, Massachusetts) and a gradient method with three solvent mixtures were used to separate carotenoids (6). Solvent mixtures consisted of (A) 90% methanol, 10% ddi water containing 0.5% triethylamine and 150 mM ammonium acetate, (B) 99.5%2-propanol 0.5% triethylamine, and (C) 99.95% tetrahydrofuran, 0.05% triethylamine. Gradient conditions were as follows: initial conditions 90% solvent A plus 10% solvent B; 24 minute gradient switched to 54% solvent A, 35% solvent B and 11% solvent C; final gradient conditions were II minute gradient of 30% solvent A, 35% solvent B, 35% solvent C, then held for 8 minutes. The mobile phases were returned to initial conditions over 15 minutes. Injection volumes of 0.1 ml were used for samples and standards. Standards (beta carotene, phytoene, phytofluene) obtained from Sigma (St. Louis, Missouri) and Carotenature (Geneva, Switzerland) were used to verify peaks and calculate concentrations following the method of Craft (2001).
For statistical analysis, data were subjected to analysis of variance (SAS, v.9.0), and means separated by LSD, P<0.05.
RESULTS AND DISCtiSSIO

Watermelon
Lycopene content among watermelon types and cultivars ranged widely, from 30 to 120 mg/kg fresh weight (Table 1) . Generally, the seeded, open pollinated types were low in lycopene and the seedless mini watermelons were highest in lycopene. Dixie Lee, an open pollinated type, was unusually high in lycopene (60 to 70 mg/kg). Seeded hybrid types were generally higher in lycopene than the open pollinated types, but seedless watermelons consistently had high amounts of lycopene. Several of the minimelon cultivars considered mini size (less than 4 kg) were extremely high in lycopene (90 to 120 mg/kg). In the U.S., most acreage (95%) is now planted in seedless, minimelon, or hybrid seeded types. In comparison, most commercial fresh market tomatoes in the U.S. have 30 to 60 mg/kg lycopene.
Watermelons harvested unripe were lower in pH, SSC, and lycopene than those harvested ripe or overripe (Table 2) . Sucrose increased and fructose decreased as watermelons ripened. The changes in pH, sugars, and lycopene with ripening indicate activity of several enzyme systems, and that increased sugar content may enhance carotenoid biosynthesis.
Watermelon held whole (without cutting) for two weeks showed differences in lycopene and beta carotene content at different storage temperatures (Table 3) . Seedless and seeded watermelons gained lycopene and beta carotene during storage at 21°C, indicating active carotenoid biosynthesis. Fruit held at 13°C, considered the normal holding temperature following field harvest, showed very little change in carotenoids. Fruit held at 5°C, which is considered conducive to chilling injury development in watermelon, showed slight losses of carotenoids. These losses may be an early indication of chilling injury, preceding the appearance of pitting and lesion development on the rind reported by Risse et al. (1990) .
Watermelons cut into cubes of about 4 c had a slight loss in lycopene content (1 to 4 mg/kg; initial lycopene content of 55 mg/kg) following 7 to 10 days storage at 2 or 5°C. The loss in lycopene may be due to drying of the cut surfaces followed by oxidation of lycopene, or from chill injury induced loss. No indication of lycopene conversion to beta carotene was found.
Mango
Mango cultivars differed in vitamin C and beta carotene (Table 4) . Only Tommy Atkins' was available from all sources. Vitamin C content ranged from 19 mg/100 g in Tommy Atkins' to 125 mg/ 100 gin 'Ataulfo'. 'Ataulfo' was highest in beta carotene (26 mg/kg) compared to 5 to 16 mg/kg in the other cultivars. Fruit soluble solids content ranged from 14 to 18% and pH from 3.8 to 4.1. Titratable acidity was very low in all cultivars, at 0.2% citric acid (data not shown). The average daily value (DV) (recommended dietary intake) for vitamin C in the U.S. is 60 mg/100 g. All mango varieties tested in this study exceeded 20% of the DV, and this qualifies mango as an excellent source of vitamin C per serving of 1 cup (165 g). 'Ataulfo' was exceptional, exceeding 200% of the vitamin C daily value. The beta carotene content of mangos sampled in this study met 33 to 103% of the DV of 250 retinoic acid equivalents for vitamin A.
CONCLUSIONS
Watermelon is high in lycopene, but shows considerable variation with germplasm. Watermelon lycopene is relatively stable when fruit are stored intact or as cut cubes, and increases with ripeness and under ambient storage conditions. Mangos showed considerable variation in both ascorbic acid and beta carotene among the five varieties tested.
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